T HE antemortem diagnosis of traumatic dislocation of the atlanto-occipital articulation (AOA) is rarely made, since such injuries are usually instantly fatal, and since the ligamentous support of the AOA is less prone to disruptive forces than other regions of the cervical spine. TM We present a review of the literature, three additional case reports, and a new radiographic method of evaluating the AOA.
Case Reports

Case 1
This 15-year-old girl was in excellent health until she was struck by an automobile, sustaining head and abdominal injuries. She was resuscitated at the accident site, and intubated at a local hospital. She was comatose when transferred to the University of California, Davis, Medical Center, where she was observed to have flaccid upper extremities, but some withdrawal movements to pain in her lower extremities. A lateral cervical spine radiograph demonstrated extensive prevertebral soft-tissue swelling and dislocation of the AOA (Fig. 1) . Cervical traction (25 lb) was applied without change in her neurological status. She died 6 hours after admission. A postmortem examination demonstrated partial transection of the medulla oblongata associated with a small avulsion fracture of the base of the clivus.
Case 2
This 20-year-old man was injured in a motorcycle accident. He was initially apneic, but cardiopulmonary resuscitation was instituted, with immediate intubation. He was admitted to the San Francisco General Hospital. A cervical spine series was obtained, demonstrating marked prevertebral soft-tissue swelling; however, the AOA subluxation/dislocation was not initially appreciated. The patient was comatose, hypotensive, and had a bloody abdominal lavage. Emergency burr-hole craniotomies and a splenectomy were performed. No subdural hematoma was found. Because of persistent obtundation, carotid and vertebral angiography was undertaken to rule out an occult intracranial hematoma. A scout film showed progression of the dislocation since the first cervical film (Fig. 2 left) . Complete occlusion of the left vertebral artery at the level of the AOA was seen (Fig.  2 right) . Despite cervical traction and general suppor-tire measures, the patient died 24 hours after admission. No postmortem examination of the cervical region was performed.
Case 3
This 20-year-old man was found unconscious after an automobile accident. Shortly after admission to the San Francisco General Hospital, he became apneic, and endotracheal intubation was required. His vital signs stabilized, but neurologically he was still comatose with flaccid paralysis of the extremities, bilateral sixth nerve palsies, and an intact bulbocavernosus reflex. A lateral cervical spine radiograph demonstrated an AOA dislocation (Fig. 3) . Cranial tongs were applied, with varying amounts of traction, but without clinical improvement. He continues to be supported by a respirator, with occasional spontaneous respiratory efforts 2 weeks after the initial injury. Table 2 ). Gross dislocation of the atlanto-occipital articulation can be seen. Minimal widening of the C1-2 articulation may also be present.
Discussion
Summary of Reported Cases
The AOA is essentially a ball-and-socket mechanism responsible for the majority of cranialcervical movements (Fig. 4) . This joint and associated ligaments provide stability not present in other areas of the cervical spine. 11 This stability is less marked in the child than in the adult, due to the greater obliquity of the AOA and larger occipital condyles in the latter? ,1~ The tectorial membrane, which is the cranial extension and attachment of the posterior longitudinal ligament, and the external craniovertebral ligaments, provide limitations to the range of hyperextension and Dislocation of the A O A has been reported as an isolated congenital abnormality, and has also been associated 'with inflammatory and arthritic conditions2 ,5,n,15 The first reported cases of traumatic A O A dislocation were in postmortem specimens, in which the medulla oblongata or spinomedullary junctions were severed? lo In addition, Powers, et al., 13 reported complete transection of the medulla oblongata associated with A O A dislocation? 3 Transection of the spinal cord and A O A dislocation has also been described as an obstetrical complication during cephalic delivery, apparently due to tortional forceps injuries? 4
Survival after traumatic A O A dislocation, even temporarily, is rare. Blackwood 1 described an individual who lived over 34 hours after a shipboard accident in 1908. Since then, eight cases of survival have been reported (Table 1) . 1,~,',5,7,1~,1a Seven patients had various degrees of cranial nerve injuries. Severe hypertension in one patient was thought to be secondary to bilateral ninth nerve palsies2 Vascular compromise of the vertebral arteries has been described previously, a,7,13 and was dramatically demonstrated in our Case 2.
The optimum amount of cervical traction to be applied is still debatable. no neurological sequelae were encountered in this latter instance, the traction was reduced to 3 lb with good clinical control. 13 The general experience seems to suggest that gentle traction (5 lb) should be used initially. Additional weight increments may be necessary for reduction of an AOA dislocation, tempered by changes in the clinical status. In those cases with an associated fracture or dislocation below the level of the AOA, operative reduction and stabilization may be necessary if the amount of traction is insufficient for reduction but produces neurological deterioration.
The detection of AOA dislocation may be subtle, or overlooked, as demonstrated by our Case 2. Prevertebral soft-tissue swelling, while observed in some traumatic injuries of the cervical spine, may also be seen in nontraumatic conditions, and is often nonspecific as to the level of cervical injury, is Various methods of measuring the odontoid-foramen magnum relationship have been describedJ '1~'17 However, it may be difficult to visualize the exact distance between the tip of the odontoid and the basion, without resorting to laminography. Powers, et al., is described a useful technique of measuring the AOA relationship. This method may be invalid in the rare cases of a congenital anomaly of the atlas or foramen magnum. 13 In an attempt to expand the radiographic knowledge of the AOA, we undertook a study of this region, based on plain radiographs.
Measurement of A tlanto-Occipital Articulation
Twenty-three patients with normal cervical spines were evaluated by plain film in the lateral projection. Flexion, extension, and neutral films were taken at a standard target-film distance (72 cm). The jaw was held in the closed position during filming. Table 2 summarizes the results and range in these normal individuals.
Because of occasional difficulty in precisely localizing the anterior cortical margin of the odontoid, the easiest of the two methods shown in Table 2 is measurement of distance A, the relationship of the anterior arch of C-1 to the posterior aspect of the mandible. In the normal cervical spines evaluated in this series, some slight artifactual rotation of the mandible was apparent, produced by the divergent x-ray beam. Measurements A and B were taken from the most posteriorly located mandibular cortex. Temporal-mandibular dislocations or rotation of the skull may produce considerable mandibular overlap in the lateral projection. This is usually evident from observation of the radiographs, and in these extreme cases a theoretical point halfway between the posterior aspects of the two mandibles is determined for measurement. Distance A normally widens in cervical extension, and narrows in flexion. An open jaw may theoretically decrease this measurement (which is increased in AOA dislocation) and give a false negative reading. Thus, care must be taken that the patient's mouth is closed during radiography. Even in the presence of mandibular fractures, the relatively normal position of the posterior ramus generally can be projected for evaluation. In all of our cases, distance A was abnormal, measuring 2.5, 2.6, and 2.0 cm respectively, for the three cases. Measurement B was 3.5, 3.3, and 2.6 cm, respectively, also abnormal.
Summary
Traumatic dislocation of the AOA is usually, but not always, a fatal occurrence. Cranial nerve injuries, with angiographic evidence of vertebral arterial occlusion, may be seen. Light cervical traction (5 lb) initially, with appropriate supportive measures, is recommended. A new measurement is described to assist in the evaluation of possible cases of traumatic AOA dislocation.
